Abstract. Activation of hepatic stellate cells (HSCs) is the pivotal event during liver fibrosis. Interleukin (IL)-24/melanoma differentiation-associated gene-7 (mda-7) has attracted attention in the pathophysiology of some diseases, while its role in activation/suppression of human HSCs is still unclear. It is important to elucidate whether the expression levels of the IL-24/mda-7 protein and its receptors in HSC cells are changed following activation. LX-2 cells, a human hepatic stellate cell line were activated by a combination of leptin and serum starvation. The activation state was evaluated through measuring the mRNA expression of profibrotic molecules, collagen-I, TIMP metalloproteinase inhibitor-1 and transforming growth factor-β. The expression of IL-24/mda-7 was assessed in mRNA and protein levels by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and ELISA methods, respectively. Hence, the amount of IL-22R1 and IL-20R2 subunit expression was also compared in activated and normal LX-2 cells by RT-qPCR. The expression level of IL-24/mda-7 and its cognate receptors was detectable both in the normal and activated LX-2 cell line. Furthermore, in activated LX-2, a significant increase of IL24 expression either on IL-22R1 and IL-20R2 subunits was also noticeable in comparison to normal cells. The activation state of LX-2 cells caused significant changes of IL-24/mda-7 and its receptors expression. In addition, the elevation in IL-24/mda-7 during LX-2 cell activation, suggested that IL-24/mda-7 and its cognate receptors serve a possible role in the development of the fibrosis process. Therefore, IL-24/mda-7 and relevant signaling pathways may be employed as a target for fibrosis treatment.
Introduction
Persistent liver injury resembles the chronic wound healing response, which consequently leads to liver fibrosis. Liver fibrosis is defined as an excessive accumulation of extracellular matrix (ECM) proteins in the tissue arising in a wide spectrum of disorders including viral hepatitis, metabolic and alcohol consumption related diseases (1, 2) . In spite of different possible mechanisms behind the establishment of the liver fibrosis, some dimension of phenomena needs to be defined more.
Among liver resident cells, hepatic stellate cells (HSCs) have a profound role in fibrosis development, which is demonstrated by ECM production and deposition. The persistence activation of HSCs following tissue injury is attributed as the most essential event underlying liver fibrogenesis (3) . During the fibrosis progress, quiescent HSCs transform into myofibroblast-like cells, which acquire modified phenotype with plentiful secretion of ECM proteins (4) .
Leptin, a 16-kDa hormone has direct effects on angiogenesis, immunity and hematopoiesis as well as the metabolism of liver cells. This protein has been employed by numerous groups for experimental liver fibrogenesis (5) . In vitro fibrosis studies demonstrated that serum starvation and leptin treatment together are sufficient to activate HSC model cells, LX-2, due to significant elevated ECM and α-smooth muscle actin level in culture (6, 7) . Moreover, several studies have shown that leptin serves an important role in inflammation and related pathogenesis in liver particularly in fibrosis process. The plasma level of leptin has been reported to be increased in cirrhosis and steatohepatitis suffering patients (8, 9) . The results suggested leptin as a reliable fibrosis induction molecule with the propensity of inflammation establishment (5, 10) .
Interleukin (IL)-24/melanoma differentiation associated gene (mda)-7 is a member of the IL-10 cytokine family that performs a unique antitumor activity. Historically, mda-7 was discovered using the subtraction hybridization method on cDNA libraries from melanoma cells, that its reduced expression was significant. (11, 12) . It serves an important role in fibroproliferative diseases, including pulmonary fibrosis, chronic kidney diseases, inflammatory bowel diseases and cardiovascular diseases (13) .
The pattern of IL-24/mda-7 and its cognate receptors expression following activation of human hepatic stellate cells
The cytokine exhibits different site-dependent activities regardless of its family common properties. Whereas the pro-inflammatory role is almost supposed as the main function of IL-24/mda7, the anti-proliferative features and differentiation induction impact was also assigned to it. IL-24/mda-7 is expressed mainly in cells like NK cells, melanocytes, B cells, dendritic cells and monocytes (14) .
The cytokine has two heterodimeric receptors, IL-22R1/IL-20R2 and IL-20R1/IL-20R2, which, like other cytokines, is triggered through the Jak-STAT pathway (15) . As IL-24/mda-7 exhibits characteristics of apoptosis induction in transforming cells, its utility for cancer gene therapy approaches in heavy is considered by several groups (16, 17) . Furthermore, a recent study has indicated that the IL-10 cytokine family can be effective in ECM production with a pivotal role in fibrosis, but the underlying mechanism by which IL-24/mda-7 may inhibit ECM production, is still unknown (13) .
In spite of studies regarding the role of IL-24/mda-7 in psoriasis and inflammatory bowel diseases, the possible role in other diseases needs to be investigated. As an inflammatory-related disease, fibrosis involved cells may also be affected by the expression level of this cytokine. So it is noteworthy to clarify if the expression levels of IL-24/mda-7 protein and cognate receptors in HSC cells are changed following activation. The aims of the study were to assess whether the fibrogenic actions of leptin leaves significant changes in IL-24/mda-7 secretion and cognate receptor expression in the LX-2 cell line, a human-derived HSCs.
Materials and methods
Cell culture. LX-2, an immortalized human HSC line, was a gift provided by Professor Friedman (Mount Sinai School of Medicine, New York, NY, USA). All the details of the generation of this unique line have been described previously (18) . The cell line was cultured in Dulbecco's modified Eagle's medium (DMEM) complemented with 5% fetal bovine serum (FBS), 1% non-essential amino acids, 100 U/ml penicillin and 100 mg/ml streptomycin. Cells were distributed in six-well plates in 200,000 cells/well and treatment was performed when their confluence reached 80%. They were incubated under humidified standard condition, at 37˚C and 5% CO 2 . The activation procedure, leptin addition and serum starvation concomitant were applied on LX-2 cells for 24 h. For serum starvation conditions, 1% DMEM was employed instead of 5% DMEM. The purified Leptin was used at concentrations of 25-100 ng/ml.
Real-time PCR analysis. Total cellular RNA was isolated from inactive LX-2 as control and active LX-2 (treated with leptin) by RNA extraction kit (CinnaGen Inc., Tehran, Iran). The quantity and quality of obtained RNA were checked by measuring the ratio of optical density of 260/280 nm using Nanodrop ™ spectrophotometer (Nanodrop; Thermo Fisher Scientific, Wilmington, DE, USA) and then was stored at -80˚C until cDNA synthesis. The cDNA was then synthesized using 1,000 ng total RNA in a first-strand cDNA synthesis reaction by the help of RevertAid ™ First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed using the ABI Biosystems StepOne and the RealQ Plus 2x Master Mix Green (Ampliqon A/S, Odense, Denmark). In each reaction, 200 nM of each primer (Table I ) was added to target the specific sequence. Specific primers targeting IL-24/mda7, IL-20R2, IL-22R1, collagen (Col)-I, TIMP metalloproteinase inhibitor-1 (TIMP-1) and transforming growth factor (TGF)-β were designed as shown in Table I . The PGK housekeeping gene was also used as internal control of qPCR reactions. The qPCR conditions were set for 10 min at 94˚C followed by 40 cycles of 15 sec at 94˚C, 60 sec at 58˚C and final extension of 7 min at 72˚C. The amplification signals of different samples were normalized to PGK cycle threshold (Ct), and then 2 -∆∆Cq method was applied for comparing mRNA levels of activated vs. the control (normal LX-2), which represented as fold-change in data analysis (19) .
ELISA. At ~48 h following LX-2 cell activation with leptin and serum starvation, the culture supernatants were accumulated for measurement of the released TGF-β by a human-mouse TGF-β ELISA kit (eBioscience Inc., San Diego, CA, USA,) according to the manufacturer's instructions. The final absorbance was read at 450 nm by the ELISA reader with using a FLUOstar OMEGA microplate reader and software (BMG Labtech Ltd., Aylesbury, UK). and the concentration of TGF-β protein was evaluated comparing with a standard curve.
In addition, the culture supernatants from the leptin-treated and untreated LX-2 cells were collected following 24 and 48 h of incubation. Then they were evaluated using an ELISA kit, IL-24/mda-7 human ELISA kit (Abcam, Cambridge, MA, USA; cat. no. ab171345). The final absorbance was read at 450 nm and the concentration of IL-24/mda-7 protein was ev aluated comparing with a standard curve.
Statistical analysis. Data were expressed as the mean ± standard error of the mean and were analyzed by independent samples t-test, using GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference between group means.
Results

Leptin treatment activates LX-2 fibrotic phenotype.
To complete the activation process of LX-2, leptin treatment, concomitant with serum starvation was applied on culture media. Leptin treatment with serum starvation could induce conversion of LX-2 cells to activate a phenotype characterized by veiled morphology in the culture plate (20) and expression of pro-fibrogenic genes, including Col-I, TIMP-1 and TGF-β.
The expression analysis of pro-fibrotic genes indicated that, in activated LX-2, the expression pattern of TGF-β (P= 0.0061), Col-I (P= 0.012) and TIMP-1 (P= 0.0047) were significantly higher than normal cells, as depicted in Fig. 1 . The ELISA results were also in agreement with gene expression, as the concentration of TGF-β protein in the culture supernatant was significantly higher than in normal cells (P<0.0001). The TGF-β protein concentrations were determined near to 382.5 pg/ml, 237 pg/ml for 100 ng and 25 ng leptin treatments, respectively, in comparison to 30.5 pg/ml for normal cells (Fig. 1) .
Expression of IL-24/mda-7 in LX-2 cells.
When the expression pattern of IL-24/mda-7 was evaluated in mRNA and protein levels, it revealed that LX-2 cells normally expressed this protein as detected by RT-qPCR and ELISA methods. It was also identified that activation phenotype was associated with a two-folds increment in IL-24/mda-7 mRNA when compared to normal cells (P= 0.0002). The ELISA results were also in agreement with gene expression as the concentration of IL-24/mda-7 protein in culture supernatant was significantly higher than normal cells (P<0.01). The IL-24/mda-7 protein concentration was determined near to 961.1 pg/ml, 918.1 pg/ml and 438.5 pg/ml for 24 and 48 h treatments and for normal cells, respectively (Fig. 2) .
Expression of IL-24/mda-7 receptors in LX-2 cell lines.
When the expression level of two different IL-24/mda-7 receptors mRNAs (IL-20R1 and IL-22R1) were monitored through RT-qPCR, these were demonstrated that in normal cells, both receptors were expressed at least in mRNA level. Hence, in activated LX-2, a significant elevation of IL-20R1 (P<0.0001) and IL-22R1 receptors with more than >2-fold changes (P= 0.0079) were detectable when compared to normal cells. While the expression changes of both receptors were similar, IL-20R2 elicited more than IL-22R following activation process. These results suggested that stress condition (leptin and serum starvation) as expected, lead to a significant increase in the expression pattern of both investigated IL-24/mda-7 receptors (Fig. 3) .
Discussion
The pathophysiology of fibrosis as a durable response remained unresolved in some fields. The possible role of IL-10 family members such as IL-20, IL-22 and, more recently, IL-24/mda-7, started to be delineated more in fibrosis development (13) . Even though the general player molecules involved in HSC cell activation and transition into myofibroblasts have been studied deeply, the possible role of IL-24/mda7 needs to be investigated in liver fibrosis. Based on the authors' knowledge, this is the first report considering IL-24/mda-7 importance in HSC activation.
The increased expression of IL-24/mda-7 in relevance to the renovation of the kidney was recently reported (21) . As mentioned, liver injury is similar to other chronic wound healing responses, which consequently leads to liver fibrosis. In this context, the aims of the present study were to evaluate whether IL-24/mda-7 and cognate receptor (IL-22R1 and IL-20R2) subunits were expressed in LX2 cells and what will happen to their expression level in response to in vitro activation. The results indicated that stress conditions encompassing leptin treatment and starvation induce LX2 cell activation, confirmed by the higher expression of TGF-β, TIMP-1 and collagen profibrotic genes as described in a previous study (22) . The data were correlated with previous reports that claimed leptin to prompt fibrosis signaling pathways (6, 23) . The results demonstrated that the LX-2 cells have been activated.
Based on the first findings, it was shown that IL-24/mda7 was expressed in measurable levels even before activation, as mRNA and protein were detectable by RT-qPCR and ELISA. Besides, it was indicated that, in activated cells, IL-24/mda-7 expression was significantly noticeable compared to baseline expression of normal LX-2. The expression levels of IL-24 in activated LX-2 cells are steady state around 24 and 48 h. This data correlated with the increases seen in hepatic IL-22 mRNA levels. IL-22 has an important role in the liver regeneration and this cytokine has functional similarities to IL-24/mda-7 (24, 25) .
The reports considering IL-24/mda-7 expression in human HSCs are limited. Although, expression level of IL-20 and IL-22 were evaluated in human and mice stellate cells, comparing IL-24/mda-7 expression in normal or activated HSCs is rare (13, 26) . New research revealed that IL-22, another member of the IL-10 cytokine family, promotes HSC proliferation and activation, prevents HSC apoptosis, induces the overexpression of HSC growth factors and fibrosis markers including Col-IV, laminin and hyaluronic acid (27) . But unlike IL-22, no definite role in liver fibrosis was assigned for IL-24/mda-7, in spite of various studies that have reported its anticancer properties (24, 28) .
It must be noted that LX-2 is accepted as a semi-activated cell, so the level of IL-24/mda-7 in the current experiments may not independently reflect the state of completely normal human stellate cells. Previously, Imaeda et al (26) detected a significant level of expression for IL-24/mda-7 in pancreatic stellate cells. They supposed that this cytokine may have a role in the pathology of chronic pancreatitis cases. Whereas the exact mechanism responsible for IL-24/mda-7 expression is not described before, an involvement of MAPK pathway and STAT3 activation is under consideration (29, 30) .
It is reported that IL-24/mda-7 is expressed by various cell types including B cells, dendritic cells, natural killer cells, melanocytes and monocytes (31) . Despite the ambiguous role in immunity, increased expression severely correlates with differentiation state of the cells. Regarding TGF-β in fibrosis development, it may be proposed that IL-24/mda-7 acts in a similar manner. In other words, an increase in IL-24/mda-7 expression may be a controlling feedback in early fibrosis that thereafter exacerbate the responsible mechanisms (32) . Conversely, to compare with other cell lines such as HepG2, it was indicated that IL-24/mda-7 has higher expression in the LX-2 cell line, which reveals the important role of this protein in activation of LX-2 cell line (33) . The mouse IL-24/mda-7-like molecule, termed FISP (IL-4-induced secreted protein) and the rat IL-24/mda-7-like molecule, termed C49A, increased in wound repair (34) . This observation led to the hypothesis that expression of IL-24/mda-7 in vivo may exhibit impact on the fibrogenesis process. However, some other properties are not similar among species indicating their principle differences. It may be predicted that the investigation of IL-24/mda7 in other species may mislead scientists. It should be noted that evaluation of fibrotic gene expression for mediating treatment responses to IL-24/mda-7 will be the subject of ongoing study in animal models. Also, assessment of the expression level for this protein and cognate receptors should be performed by other methods such as western blotting, immunohistochemistry or immunoblotting, a limitation of the current study.
In order to perform its autocrine function, IL-24/mda-7 binds and signals through the heterodimeric IL-22R1/IL-20R2 and IL-20R1/IL-20R2 receptors, following by STAT-3 phosphorylation. The effectiveness of IL-24/mda-7 is dependent on the presence of these receptors on target cells. The finding revealed that IL-20R2 and IL-22R1 receptors were not only expressed on the LX-2 cells, but were also upregulated following cell activation. One of the reasons that the authors focused on IL-22R1/IL-20R2 instead of the other heterodimers is because of the interaction between IL-22R1/IL-20R2 and IL-24 receptor complexes is a key mediator for the wound healing response, a process that mimics fibrosis in the liver (35) .
In addition, Imaeda et al demonstrated that these receptors were detectable in chronic pancreatitis tissue of suffering patients (26) . The expression of IL-20R2 and IL-22R1 was also investigated elsewhere, and IL-22R1 expression was reported to be distributed among the kidney, liver, pancreas and skin (13) .
Furthermore, in another study, it was revealed that IL-20R1 and IL-20R2 were expressed in synovial cells (RASCs), and the results indicated that RASCs had constitutive expression of IL-20R1 and IL-20R2 (36) . Furthermore, Kunz et al identified that IL-20R2 expression levels in keratinocytes increased followed by STAT3 activation (30) . Conversely, Sarkar et al (34) analyzed 12 mycoplasma-free melanoma cell lines finding that lack IL-24/mda-7 receptors in some mycoplasma-free melanoma cell lines disrupted Jak/STAT pathway. However, the expression of IL-24/mda-7 receptors in a liver cell line, such as HepG2, is still not well understood. Results of the current study have provided evidence that IL-22RA1 and IL-20R2 were consistently expressed in active and normal LX-2 cell lines. In future study, more reliable results can be achieved by analyzing IL22R1/IL-20R2 protein expression with western blotting. Gene expression of IL-24/mda-7 receptors was analyzed by reverse transcription-quantitative polymerase chain reaction at 24 h following stress conditions. Expression data relative to those of the housekeeping gene from at least three independent assays are given as mean ± standard error of the mean. Statistical significance was tested using the independent samples t-test. In conclusion, expression of IL-24/mda-7 and its cognate receptors in the normal LX-2 cell line emphasized their possible impact on fibrogenesis process. In addition, leptin could increase the expression of IL-24/mda-7 and its receptors implying that IL-24/mda-7 ought to be investigated more as a new target for fibrosis therapy. The unraveling of the unknown mechanism underling IL-24/mda-7 function during fibrosis may also be useful to understand the pathology of the disease and to open a path for new therapeutic drugs.
